OBJECTIVE: Evaluate changes in end-of-life care following initiation of a palliative care program in a neonatal intensive care unit. STUDY DESIGN: Retrospective study comparing infant deaths before and after implementation of a Palliative Care Program comprised of medication guidelines, an individualized order set, a nursing care plan and staff education. RESULT: Eighty-two infants died before (Era 1) and 68 infants died after implementation of the program (Era 2). Morphine use was similar (88% vs 81%; P = 0.17), whereas benzodiazepines use increased in Era 2 (26% vs 43%; P = 0.03). Withdrawal of life support (73% vs 63%; P = 0.17) and do-not-resuscitate orders (46% vs 53%; P = 0.42) were similar. Do-not-resuscitate orders and family meetings were more frequent among Era 2 infants with activated palliative care orders (n = 21) compared with infants without activated orders (n = 47). CONCLUSION: End-of-life family meetings and benzodiazepine use increased following implementation of our program, likely reflecting adherence to guidelines and improved communication.
INTRODUCTION
Approximately one third of pediatric deaths occur in the neonatal period, most commonly in the neonatal intensive care unit (NICU). 1 Current data show that deaths in the NICU differ from deaths in the pediatric intensive care unit, with fewer NICU deaths occurring in children receiving mechanical ventilation. 2 In fact, the majority of NICU deaths follow withdrawal or withholding of life-sustaining interventions. [2] [3] [4] [5] [6] [7] [8] [9] [10] A recent policy statement by the American Academy of Pediatrics (AAP) defines pediatric palliative care as treatments that aim to (1) relieve suffering across multiple realms; (2) improve children's quality and enjoyment of life while helping families adapt and function during the illness and through bereavement; (3) facilitate informed decision making by patients, families and health care professionals; and (4) assist with ongoing coordination of care among clinicians and across various sites of care. 11 A decade ago the AAP and the Institute of Medicine identified an urgent need to improve and expand palliative care and end-of-life programs for all children. 1, 12 In response, pediatric palliative care programs have become increasingly common in United States children's hospitals. 13 Many benefits of pediatric palliative care have been reported, including a reduction in hospital days, reduction in medical costs and improvement in families' quality of life. 14 However, little is known about the impact and implementation of palliative care practices in the NICU and palliative care remains underutilized in neonates. 15, 16 Research that quantifies aspects of how palliative care programs optimize end-oflife care for infants and improve family outcomes is needed.
The purpose of this study was to evaluate the impact of Neonatal Palliative Care Program on end-of-life care in the NICU at Duke University Medical Center.
METHODS
We identified all infants who died in the NICU at Duke University Medical Center, an academic tertiary care center in two different Eras. Era 1 (2003 to 2005) included infants who died before the initiation of the Neonatal Palliative Care Program in February 2007. Era 2 (2008 to 2009) included infants who died following the program's implementation. The year immediately preceding and the first year following program implementation (2006 and 2007) were excluded to minimize contamination. The program includes a palliative care protocol, an electronic order set that can be individualized, a nursing plan of care, staff education and medication guidelines for palliative and end-of-life care including use of sedatives, analgesics and muscle relaxants ( Table 1) . Many aspects of our protocol were adopted from previously published neonatal guidelines. 17, 18 Our program was designed by an interdisciplinary team of neonatologists, advanced practice nurses, bedside nurses, social workers, pharmacologists and chaplains and included a neonatologist who is board-certified in Hospice and Palliative Medicine.
The Duke NICU is a 67-bed unit that serves as a major referral center for premature and term infants with complications of prematurity, respiratory failure, persistent pulmonary hypertension, perinatal asphyxia and other complex medical and surgical problems. There are~850 admissions per year of which 30% are outborn.
We analyzed differences in demographics, cause of and age at death, number of family meetings, morphine dosage (total micrograms per kilogram received in the last 24 h of life), use of benzodiazepines (any use within the last 4 days of life), use of neuromuscular blockers (NMB; any use of paralytic agents within the last 24 h of life), do-not-resuscitate (DNR) orders (active DNR order in chart at the time of death) and withdrawal of life support (WLS) for infants who died in Era 1 vs those who died in Era 2. WLS was defined as withdrawal of respiratory support or other lifesustaining treatments, such as vasoactive medications.
Clinical conditions at death were analyzed and compared between the Eras: active cardiopulmonary resuscitation; active DNR order in the chart; WLS; or brain death. Infants were excluded from the study if they had missing charts; if they died within 24 h of birth, as these deaths may occur quickly, mostly in the delivery room with limited time to establish a palliative care plan; or if they had a diagnosis of brain death, due to absence of neurologic function. Brain death was diagnosed by Duke's Institutional Brain Death Criteria for newborn infants.
We also performed a subgroup analysis of Era 2 infants with activated palliative care order sets. As part of the palliative care program, providers have an option to activate an electronic 'palliative care order set' at any time during the patient's admission. To activate the palliative care order set, the providers need prior agreement among themselves and with the family. Agreement to activate this order set is usually reached during weekly team morbidity and mortality conferences and/or during family meetings. We compared this group of infants with activated order sets to infants in Era 2 who did not have palliative care order sets activated. Finally, to evaluate the effect of the program on very low birth weight infants, we performed an analysis of deaths in infants weighing o1500 g at birth.
Data analyses were performed with Wilcoxon rank-sum test for continuous data and Fisher's exact tests for categorical data. The study was approved by the Institutional Review Board at the Duke University Hospital.
RESULTS

Infant deaths: Era 1 vs Era 2
Overall mortality in the NICU did not change significantly over the study period. Deaths/number of admissions were 105/1982 (5.3%) in Era 1 compared with 85/1644 (5.1%) in Era 2 (P = 0.86). Of 105 infants who died during Era 1, 82 were included in the analysis. Eighteen were excluded due to death within 24 postnatal hours and five were excluded due to missing charts. Of 85 infants who died during Era 2, 68 were included for analysis; 16 infants were excluded due to death within the first 24 postnatal hours and 1 was excluded due to brain death. For the 150 infants included in the analysis, the most frequent cause of death was complications of prematurity (51%), followed by congenital anomalies (39%), hypoxic-ischemic encephalopathy (9%) and respiratory failure (1%). Infants from Era 1 and Era 2 did not differ in demographics, illness characteristics or cause of death ( Table 2 ). Median Apgar scores were lower in Era 2. Postnatal age at death was similar between the two groups.
There was no significant group difference in the incidence of WLS ( Table 3 ). Withdrawal of respiratory support was the method of WLS in 101/102 (99%) of infants. Median time to death after WLS was 1 h (range 0, 62) and did not differ significantly between Eras. Most patients who died in both Eras had at least one family meeting to discuss end-of-life care. The incidence of DNR orders also did not change significantly following implementation of the program. Active cardiopulmonary resuscitation at the time of death, including chest compressions, occurred in 9/82 (11%) of infants in Era 1 and 9/66 (14%) of infants in Era 2 (P = 0.62).
The amount of morphine administered in the last 24 h of life did not differ between groups (Table 3 ). In addition, the proportion of infants receiving morphine in the last 4 days of life remained similar. A greater proportion of infants in Era 2 received benzodiazepines in the 4 days preceding death. There was no significant difference in the number of infants receiving neuromuscular blockade on the day of death.
Infant deaths in Era 2: use of the palliative care order set The palliative care order set was activated in 21 (31%) of the 68 infants who died in Era 2. When compared with infants in Era 2 without activated order sets, this subgroup of infants did not differ significantly in birth weight, weight at death, gestational age, gender, inborn status, race, Apgar scores or cause of death ( Table 2 ). There was a significantly higher incidence of DNR orders in the group with activated order sets ( Table 3 ). The number of meetings to discuss end-of-life care was significantly higher among the infants with activated order sets and the time between the first end-of-life meeting and WLS was longer. Median time to death after WLS was longer for infants with activated order sets.
There was no significant difference in morphine use between infants with and without activated order sets, but a significantly higher proportion of infants with activated order sets received benzodiazepines in the last 4 days of life (Table 3 ). Fewer infants received neuromuscular blockade in the last day of life in the activated order set group, but the difference did not reach statistical significance.
Infant deaths in very low birth weight (birth weight o 1500 g) infants: Era 1 vs Era 2 A subgroup analysis of infants weighing o1500 g at birth showed no significant difference in the incidence of WLS between Era 1 and Era 2 (75% vs 59%; P = 0.10), DNR orders (45% vs 43%; P = 0.83) and median time between first end-of-life meeting and actual WLS (0 (0, 23) vs 0 (0, 29) days; P = 0.66). There was no significant difference in the use of morphine (88% vs 81%; P = 0.26), benzodiazepines (20% vs 36%; P = 0.08) or NMB (20% vs 19%; P = 0.95) at the end-of-life. There was a higher incidence of DNR orders in infants o1500 g who had activated palliative care order sets when compared with infants without activated order sets (80% vs 31%; P = 0.007), but no difference in incidence of WLS (56% vs 59%; P = 0.84), median morphine dose on the day of death [929 (0 to 2628) vs 121 (0 to 3699) μg/kg; P = 0.11], use of benzodiazepines in the last 4 days of life (50% vs 31%; P = 0.28), or use of NMB in the last 24 h of life (10% vs 22% P = 0.40).
DISCUSSION
Although implementation of Neonatal Palliative Care Programs has been described previously, [17] [18] [19] our study is one of the first to evaluate the impact of such programs on end-of-life care in the NICU. In our center, implementation of a Neonatal Palliative Care Program did not significantly change the incidence of WLS or overall mortality in the NICU. Consistent with previous findings, 20 there was no increase in the incidence of WLS among infants receiving palliative care. DNR orders were more frequent among infants for whom the electronic palliative care order set was activated, likely because the guidelines of our palliative care program recommend considering discussions of limitations of resuscitation in infants receiving end-of-life care. Previous studies have reported WLS to precede 42 to 95% of deaths in the NICU. [3] [4] [5] [6] [7] [8] 10, 15, 21 The proportion of deaths in the NICU accompanied by withdrawal or withholding of support appears to have Impact of a neonatal palliative care program N Younge et al increased over time. [7] [8] [9] [10] 21 The most commonly cited reason for WLS is imminent or inevitable death, followed by concerns for future quality of life or suffering. 4, 5, 22 End-of-life care requires complex decision making by parents and providers, and the importance of providing palliative care in this setting has been increasingly recognized. 1, 12 A policy statement on the care of high-risk newborn infants from the American Academy of Pediatrics emphasizes the importance of continuing comfort care measures even when treatment goals no longer involve intensive care interventions. 23 However, reports indicate that the use of palliative care services in the NICU is uncommon. Single-center studies report palliative care interventions in only 13 to 24% of infant deaths. 15, 16, 20 The reasons for this limitation are complex and multifactorial, 24, 25 but the results of our study provide assurance that offering palliative care services does not lead to an increased incidence of withdrawal of life support or death.
One limitation of our study was exclusion of infants who died within the first 24 h of life. When we designed the study, we were concerned that there would be inadequate time to establish palliative care and utilize the palliative care order set in infants who died shortly after birth. However, since implementation of our program, we have seen that the use the palliative care protocol in infants with an antenatal diagnosis of a major congenital anomaly has been very helpful in early initiation of palliative care.
Our study also evaluated the effect of a Neonatal Palliative Care Program on use of sedatives and analgesics at the end-of-life. Previous studies have reported sedative or analgesic use in 66 to 87% of infants at the time of or subsequent to WLS. 8, 26, 27 In our study, the majority of infants received opioids before death in both Eras, at 88% and 81%, respectively. We noted an increase in the use of benzodiazepines in the post-implementation Era (26% Impact of a neonatal palliative care program N Younge et al vs 43%, P = 0.03). These results are consistent with a recent study from Janvier et al. 27 reporting the use of comfort medications in the last 48 h of life in two US NICUs (Chicago and Milwaukee) with 66% and 72% of infants receiving opioids, and 52% and 53% receiving benzodiazepines, respectively. Our increase in the use of benzodiazepines was likely related to the medication guidelines recommended by our program, with recommendations on benzodiazepine use at the end-of-life. Although no studies have evaluated the effects of treatment with benzodiazepines in infants at the end-of-life, they are frequently used in adult palliative care to treat agitation and anxiety. 28 Our study did not include evaluation of clinical response to comfort medications at the endof-life. NMB should not be given at the time of WLS as they are not comfort medications, they interfere with respiratory function and they could mask signs of pain and distress. In our study, a minority of infants received NMB in the last 24 h of life in both Eras (17% vs 18%, P = 0.95). However, only 3 of the 150 patients were on NMB at the time of withdrawal (2 patients from Era 1 and 1 patient from Era 2). Our palliative care program recommends discontinuing NMB for a period of hours before WLS to allow the paralytic effect to subside. However, in some cases the patient's condition deteriorates rapidly with multisystemic compromise, making it impossible to completely wean the patient off NMB before WLS. Consistent with clinical practice in other NICUs in the United States, in no patients were NMB initiated at the time of withdrawal. 27 Family meetings to discuss end-of-life care occurred more frequently in the subgroup of infants with activated palliative care order sets, likely reflecting improved communication among the health care team and family preceding the infant's death. The fact that the time between the first end-of-life discussions and actual withdrawal was longer in the patients with activated order sets may also indicate that end-of-life discussions were initiated earlier in the course of disease, providing further evidence of improved communication. Although it is not clear why time to death after WLS was longer for the infants with activated order sets, we suspect that this trend was attributable to the higher incidence of congenital anomalies in this group of infants ( Table 2 ). We hypothesize that WLS more commonly occurred owing to concern for future quality of life in the infants with congenital anomalies as opposed to severe illness or imminent death. Therefore, these infants may have been physiologically more stable at the time of WLS resulting in longer time to death. Alternatively, it is possible that the use of palliative care orders, including early use and appropriate dosing of sedatives and analgesics, prolonged survival in these infants. Previous studies in infants and adults have shown that use of these medications after WLS does not hasten time to death and, in some cases, has been associated with increased survival time. 27, 29 CONCLUSION Despite the frequency of death in the NICU, providing optimal care for infants at the end-of-life presents many challenges and complexities. Little is known about the impact of Neonatal Palliative Care Programs in the neonatal intensive care setting. Our study shows that establishment of a Neonatal Palliative Care Program did not impact the incidence of WLS or overall mortality, but did have an effect on the way medications were used at the end-of-life. We also found evidence of earlier communication with families and increased frequency of end-of-life family meetings. Although further studies are needed to assess the effect of Neonatal Palliative Care Programs on other metrics such as provider and parent satisfaction, our findings suggest that end-oflife care for newborn infants can be improved by adopting a teamdriven, patient-and family-centered, consistent approach.
